malonic and fumaric acid etc. stimulated antibiotic production, while propionic acid which is reported to be incorporated into an aglycone of macrolide antibiotics showed inhibitory effects on the growth and antibiotic production. However, in the presence of lipoic acid, propionic acid acted as other organic acids. It has been proposed that the aglycone part of erythromycin was constituted of a propionyl unit1) and the supplement of propionic acid and some other organic acids in the culture medium showed an increment of erythromycin production. 2) It was also reported that the aglycone of narbomycin, picromycin and others were constituted of a propionyl unit.3) Thus, the incorporation of propionic acid into macrolide antibiotics was a general pheno menon in the biosynthesis of these antibiotics. Propionic acid is also known to inhibit growth of a microorganism to some extent, while it was reported in some organism such as Streptococcus lactis and Streptococcus faecalis that the inhibitory effect was reduced by lipoic acid.4) In this paper, effect on the antibiotic pro duction of some organic acids which would associate with the metabolism of the macro lide-producing Streptomyces are described. And also, the present paper deals with new findings about narbonolide accumulation in the culture media by the addition of various organic acids and the conversion of biolo gically inactive narbonolide into active anti biotics (narbomycin and picromycin) by in cubation with a washed cell. For the determination of narbonolide concentration containing in each culture broth, the ultra violet den sitometer (Hitachi MPF-2A) which was capable to estimate directly the absorption of developed com pounds on silica gel thin-layer chromatogram was used. As a standard substance for the determination of nar bonolide concentration testosterone was employed, because testosterone shows UV maximum (232nm) similer to narbonolide (228.5nm) and Rf values of both compounds were fairly close with each other.
Measurement was carried out as follows: Testosterone (1mg) was added to the centrifuged supernatant (10ml) of the culture broth, and extracted with ethyl acetate (10ml). The extract containing testosterone and nar bonolide was developed on the thin-layer plate under the condition described above. Then, the absorption strength of narbonolide and testosterone on the plate were measured at 228nm by MPF-2A, and absorp tion strength of narbonolide was devided by that of testosterone.
The amount of narbonolide containing in the culture broth was calculated from the ratio thus calculated and the standard curve (Fig. 1) antibiotic production was significantly increas ed. As shown in Table I , 3 to 5 times of an tibiotic production were observed by addition of succinate, citrate, fumarate, malonate, acetate and pyruvate. However, in the medium containing propionate, the antibiotic production was inhibited, but, this inhibition was recovered by addition of lipoic acid. Table II shows an effect of lipoic acid employed to determine the optimum concentration. The inhibitory activity of propionate (0.04M) was recovered most at 0.5mM concentration of lipoic acid. Thus, in a medium supple mented with propionate (0.04M) and lipoic 2) Effect of organic acids on narbonolide production As listed in Table  I Figure 2 shows the time course of fermen tation in the presence of acetate or succinate. When acetate was added at 0.04M concentra tion, the growth of cell reached to almost maxi mum at the 40th hr. Narbonolide actively accumulated in the period of active growth attained the maximum at the 40th hr, and after wards, the amount of narbonolide accumulated began to decrease gradually due to the increas ing of the antibiotic production. Thus, the time course of narbonolide and antibiotic formation showed a typical precursor-product relationship. On the other hand, in the fer mentation of succinate addition, narbonolide and antibiotics were produced at different culture phase at that of acetate addition. Narbonolide production was about 30% of acetate-added culture, while the antibiotic formation was about 3 times of it.
3) Effect of narbonolide addition in the culture of S. venezuelae MCRL-0376
As clearly seen in Fig. 3 , when S. venezuelae reducing sugar consumption in the absence and presence of narbonolide differed charac teristically, namely, in the control culture without narbonolide the sugar consumption during fermentation ceased at about 50% level of initial amount, while in the narbonolide containing medium fermentation proceed to exhaust 90% of the initial sugar contents. venezuelae.
•›•\•› , narbonolide addition; •oe---•oe, no addition.
4) Conversion of narbonolide to antibiotics by washed cell of S. venezuelae MCRL-0376
When suspension of the washed cell of S. venezuelae MCRL-0376 was incubated with narbonolide, antibiotics were readily synthesized and attained the maximum yield after 6hr, while without narbonolide no antibiotics were produced (Fig. 4) Antibiotics converted from narbonolide was identified by thin-layer chromatography and mass spectra, using authentic narbomycin and picromycin.
The main product was pic romycin and narbomycin was obtained as a minor product (5% of total antibiotics).
As reported in the previous paper,8) narbomycin was easily converted to picromycin by picro mycin producing strain. Therefore, picromy cin was a dominant antibiotic produced in the present experiments.
DISCUSSION
Addition of the sodium salts of organic acids to the medium stimulated the anti biotic production by S. venezuelae MCRL-0376. These results partly agree with those observed by Musilek et al. and RaczynskaBojanowska et al.2) These authors also re ported that the production of erythromycin was increased preferentially when propionate was added to a fermentation medium. This result differs from our present observation that the addition of propionate rather inhibited the growth and the antibiotic production. However, in the presence of lipoic acid, pro pionate supported the normal cell growth and stimulated the antibiotic production similarly to the case of an erythromycin producing Streptotnyces as mentioned by the above authors.
Growth inhibition by propionate and recovery of growth by lipoic acid were reported earlier on Streptococcus faecalis and Streptococcus lactis.4) The presence of pyru vate oxidation system, in which involvement of lipoic acid is widely known, was demonstrated in Streptococcus and the mechanism of growth inhibition by propionate was ascribed to the inhibition of this system. The fact that lipoic acid reversed the growth inhibition of S. venezuelae MCRL-0376 by propionate suggests that the same mechanism is involved in the growth of this organism. 
